Introduction The rising burden of diabetes in low-and middle-income countries may cause financial strain on individuals and health systems. This paper presents a systematic review of direct medical costs for diabetes (types 1 and 2) in low-and middle-income countries. Methods Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines, databases (PubMed, International Bibliography of Social Science, EconLit) were searched for publications reporting direct medical costs of type 1 and 2 diabetes. Data were extracted from all peer-reviewed papers meeting inclusion criteria, and were standardised into per-patient-visit, perpatient-year and/or per-complication-case costs (2016 US$). results The search yielded 584 abstracts, and 52 publications were included in the analysis. Most articles were from Asia and Latin America, and most focused on type 2 diabetes. Per-visit outpatient costs ranged from under $5 to over $40 (median: $7); annual inpatient costs ranged from approximately $10 to over $1000 (median: $290); annual laboratory costs ranged from under $5 to over $100 (median: $25); and annual medication costs ranged from $15 to over $500 (median: $177), with particularly wide variation found for insulin. Care for complications was generally high-cost, but varied widely across countries and complication types. Conclusion This review identified substantial variation in diabetes treatment costs; some heterogeneity could be mitigated through improved methods for collecting, analysing and reporting data. Diabetes is a costly disease to manage in low-and middle-income countriesand should be a priority for the global health community seeking to achieve Universal Health Coverage.
InTroduCTIon
Diabetes affects approximately 422 million adults worldwide, 1 and by 2035, approximately 592 million people worldwide will live with diabetes. 2 Increases in the number of people living with diabetes have been, and will continue to be, fastest in low/middle-income countries. 1 2 Experts have predicted that it is extremely unlikely that the global community will meet the 2011 United Nations High-Level Meeting on Non-Communicable Diseases goal to halt increases in adult prevalence of diabetes by 2025. 3 In addition to morbidity and mortality, diabetes causes substantial economic burden for individuals, households and health systems 1 4-6 : the annual cost of diabetes treatment has been estimated to be as high as US$825 billion. 3 A recent analysis in sub-Saharan Africa estimated that the cost of diabetes in that region is equivalent to 1.2% of cumulative gross domestic product (or US$19.5 billion), and will rise to US$35-US$59 billion by 2030. 7 Particularly in low/ middle-income countries, diabetes treatment costs are primarily borne by individuals via out-of-pocket payments, 4 5 7 which can cause significant financial hardship. 8 9 As countries move towards Universal Health Coverage, robust estimates of diabetes treatment costs can be used to forecast BMJ Global Health financial needs at the global and national levels. A recent Lancet Commission on Essential Medicines included a global estimate of financing needed for essential medicines within the context of Universal Health Coverage. 10 Such estimates are needed for specific diseases, and should include comprehensive treatment costs (beyond only medicines). Estimates of overall costs of diabetes management have been published previously as noted above and elsewhere, 11 but there remains a gap in our understanding of the specific categories of diabetes treatment costs in low/middle-income countries.
Recent efforts to calculate cost of illness for diabetes have used estimation (modelling) methods. This analysis presents the first-ever systematic review about direct treatment costs of diabetes (types 1 and 2) in low/ middle-income countries, in order to inform such estimates. Specifically, it aims to fill a gap in the literature by providing data on specific categories of treatment costs, and distinguishing between data sources/collection methods, in order to generate more nuanced estimates and thereby inform more specific policy recommendations around financing and providing treatment for diabetes in low/middle-income countries. This review is part of the Addressing the Challenge and Constraints of Insulin Sources and Supply (ACCISS) study, which aims to generate new evidence and synthesise knowledge about type 1 and 2 diabetes.
MeTHods

Literature search
We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines using a keyword search for papers published since 2007 in PubMed, International Bibliography of Social Science and EconLit databases. (See search details in online supplementary appendix 1.) The searches were conducted in January andFebruary 2017. No language restriction was applied. Each author reviewed a set of abstracts, and determined relevance based on inclusion criteria, which were: data collected from low/middle-income countries (using World Bank grouping), 12 cost data collected in or since 2007 (to include only recent data which might be more meaningful and comparable), article subject was diabetes (types 1 and/or 2), and article was an empirical analysis based on economic data. Only primary data were included (ie, modelled analyses, including cost-effectiveness analyses and other cost simulations, were excluded) in order to estimate real-world 'cost of illness' results that would reflect actual economic values and could inform decision-making by policymakers and practitioners. All abstracts were imported into EndNote and duplicates were removed. Full texts were retrieved for publications that met the inclusion criteria.
At this second stage, publications in languages other than English, Spanish, Portuguese, French, German, Russian, Serbian and Chinese were excluded. Additionally, reviews, editorials, commentaries and opinion pieces (all non-peer-reviewed publications) were excluded. Lastly, papers that provided only abstracts or vague reporting of methods or results, non-rigorous sampling design, unsuitable outcome definitions or severe methodological limitations in their statistical analyses were also excluded. The full search protocol is available from the corresponding author on request.
data extraction A data extraction sheet was developed and piloted. CL and ML extracted data from each eligible publication: geographic location, study population, study sites, information about costing method and reported costs in categories as available (hospital care, outpatient consultation, complication care, medicines, monitoring supplies and diagnostics/laboratory tests). If a study did not provide enough information to judge its methodological rigour, it was excluded. If the data were unclear or were not presented in a format corresponding to this analysis, the authors were contacted for additional details. (In two such cases, the authors indicated that these data were available in an article that was published after the literature search, so these were manually added to the database.) Information was also abstracted about each study's source of funding. data analysis Studies were classified according to geographic region, country income group per 2018 fiscal year classifications (low-income country (LIC), lower middle-income country (LMIC), upper middle-income country (UMIC)), 12 year of publication and data collection methods, which were distinguished as: directly from patients (ie, using surveys or interviews), from a provider/system perspective (ie, gleaned from health facility or insurance records) and a hybrid approach that combined these methods. Each of these three data sources is necessarily incomplete: that is, total direct medical costs are likely to include patient costs, provider costs and other societal costs. Additionally, articles were analysed for data contributing to the main analysis, and/or to a subgroup analysis about care for diabetic complications. Only some studies reported on these additional specific costs, and since the data were not comparable across articles, these were not included in the main results but rather as subgroups.
Data were standardised to annual per-patient costs attributable to diabetes, and diabetes-related complication costs which were expressed as per-case. Outpatient costs were also presented as per-visit costs when reported. Eligible outpatient data included only clinician/provider and consultation fees related to the visit; medicines, laboratory tests, supplies or other service-related costs were reported separately. If a study did not provide data with sufficient granularity, or methods with sufficient information to assess sources and risks of bias, these data were not included in the main comparative analysis. The authors discussed all studies that were conducted among special subpopulations (those not necessarily generalisable to BMJ Global Health the population of people with diabetes) to assess potential sample selection bias. Medicine costs include diabetes medicines and any others such as those used to treat related comorbidities. Inpatient costs were also included; these were inclusive of medication and laboratory costs, and were expressed as annual costs per patient. For publications that reported data in local currency, these costs were converted into US$ for the year of data collection using the Federal Reserve Bank exchange rates (1 January of each year). 13 All costs were adjusted for inflation using the 2016 Consumer Price Index (see online supplementary appendix 2). 14 
resuLTs
The search strategy yielded 584 unique abstracts to review (figure 1). After title and abstract screening, 177 were selected for full-text screening. Of these, 46 were included in the analysis plus an additional 6 were included in the complications subanalysis (total=52). The main reasons for exclusion were: unavailability of full text (mainly because only an abstract had been published with no full text, many of which were conference presentations (n=40)); or if the full text did not meet the inclusion criteria (including data collected prior to 2007 (n=39), not providing primary data, eg, modelled analyses or reviews of secondary data (n=34), or reporting of cost data with insufficient granularity for the categories of this analysis (n=52)). (Descriptive information about all included articles can be found in online supplementary appendix 3.)
Looking at those articles that provided results for this paper (on cost of illness and/or on diabetes medicines), there has been an overall increasing number of publications over the last decade, with some year-to-year fluctuations. During the period 2013-2016, there were on average 7.5 publications per year, an increase from 3.5 per year in the 2009-2012 period (figure 2). Approximately half of the articles (n=22, 47.8% of the analysis sample) have used data from Asia (mainly East Asia and the Pacific (figure 3)); there have also been 10 articles (21.7% of the sample) using information from Latin America and the Caribbean, 6 (13.0%) from the Middle East/North Africa, 5 from Europe/Central Asia (10.9%) and 2 from sub-Saharan Africa (4.3%). In addition, one article 15 provided information on 13 countries, across regions. Most articles (29, 63 .0%) were from UMICs, 14 (30.4%) were from LMICs and 2 (4.3%) were from LICs.
For articles included in the overall cost of illness analyses, all used a bottom-up costing methodology. 41.9% (n=13) used data reported by patients, 35.5% (n=11) used data from the provider/system and 7 (22.6%) incorporated data from both these sources. Many of these articles have been specifically about type 2 diabetes (n=16, 51.6%); only two focused only on type 1 diabetes (6.5%). An additional six articles (19.4%) were about both types 1 and 2; and for seven articles (22.6%), the authors did not specify the type of diabetes. Most studies used information collected at specialised care sites, either outpatient clinics or hospitals (including referral hospitals).
For the 13 analyses that collected data directly from patients (using surveys or interviews) (table 1), the average sample size was 922 participants (range: minimum 86, maximum 4500). Nine of these studies were from Asia, one from sub-Saharan Africa, two from Europe and Central Asia, and one was from the Middle East. In 12 of these studies, the mean age of participants was approximately 52 years (one study, which was focused on type 1 diabetes, had a mean age of 15 years).
Among these studies with data reported by patients, average per-visit outpatient costs ranged from US$2.67 (in the Solomon Islands) to US$7.41 (in India). Annual outpatient visit costs were reported in two studies in LMICs (US$14.82 and US$14.93, both in India), and in one study in a UMIC (US$56.94 in Iran). Annual medication costs were on average lower in the group of LICs and LMICs (approximately US$95 average per year for this group, median US$76) than among UMICs (average US$297 per year in this group, median US$252). Inpatient costs varied by country but were generally lower for LIC and LMIC (US$139 per-patient annual average in LICs BMJ Global Health Among studies that took a provider/system perspective, the average outpatient per-visit cost was approximately US$17 (median US$11) (table 2). Annual medication costs were US$216 on average (median $91), and average annual inpatient costs were US$709 (median US$680). Laboratory costs were approximately US$42 per year on average (median US$24). There were not enough data points from LMICs to make any meaningful comparisons between income groups.
In articles that used data both from patient interviews and from the provider/system perspective, per-visit outpatient costs and medicine costs were US$19 and US$460 (median US$13 and US$494, respectively); and inpatient costs were US$530 on average (median US$464) (table 3) . Average annual per-person laboratory costs were US$98 (median US$78). There were not enough data points from LMICs to make any meaningful group comparisons. Figure 4 Per-patient annual costs of diabetes care components (among articles reporting on these components). Note: Articles are organised first within data collection-type groups; and within each of these, in ascending order of per-capita gross domestic product. Figure 4 displays the annual diabetes care cost components-inpatient care, medicines and laboratory services-for all articles included in this review. This graph displays per-article information, grouped by data source and in ascending order of per-capita gross domestic product within each group. (As not all articles provided information on all cost components, low bars may reflect low prices and/or unavailable data.) Medicines were the most common cost component reported in these articles (in 24 articles, or 77% of the sample), followed by inpatient costs (20 articles, 65%) and laboratory costs (17 articles, 58%). Fewer than half of studies reported on outpatient costs (whether annual or per visit). On average, articles included 2.6 cost components; only eight articles included all four components. Figure 5 presents per-visit outpatient costs for studies that provided this information. Articles from China have the highest reported per-visit outpatient costs, followed by other UMICs such as Mexico and Argentina. The lowest per-visit outpatient costs were in LICs and LMICs.
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Online supplementary appendix 4 presents information about the cost of managing diabetes-related BMJ Global Health Figure 5 Per-visit outpatient visit costs of diabetes (among articles reporting on this). Note: Articles are organised first within data collection-type groups; and within each of these, in ascending order of per-capita gross domestic product. Outpatient visit costs include provider and consultation fees, as applicable.
complications. Some articles grouped all complications together while others specified costs per type of complication. In studies from China and Colombia, 16 17 the most expensive complications included cardiovascular conditions and events (approximately US$2000 per patient per year to manage). There was considerable heterogeneity across these articles: the annual cost of managing cataracts was estimated to be US$1500 in China (one of the most expensive complications in that analysis), 16 but under US$200 in Thailand. 18 Table 4 presents information from articles that provided data on diabetes medication costs, per year. The most common medication in these analyses was insulin, and the cost of this varied widely across publications, from under US$60 per year in Pakistan, the Solomon Islands, Brazil and Serbia; to more than US$300 in Central African Republic, Brazil, India, Malawi, Bulgaria and Jordan. Notably, these highest costs were for treating type 1 diabetes. Among articles about type 2 only, insulin generally cost around US$50-US$100 per patient per year. Several articles also mentioned prices for metformin, and again there was a large range, from approximately US$25 per patient per year in Cambodia, to over US$200 in China and Argentina. dIsCussIon This systematic review identified 31 articles with information on the cost of care for diabetes, plus an additional 15 articles focused on per-medicine costs only. Half of the comprehensive cost of illness papers were based on data from Asia, and another quarter were from Latin America; data from UMICs constituted nearly two-thirds of the sample. Type 2 diabetes was the sole or main focus in the majority of articles. These gaps suggest areas of opportunity for future research-for example, on the costs of type 1 diabetes care, and on cost of illness in geographic regions that have been under-represented in this literature to date including sub-Saharan Africa, the Middle East/North Africa and Europe/Central Asia.
These results indicate that diabetes care may be very expensive for patients in low/middle-income countries. Since many individuals worldwide lack health insurance, out-of-pocket payments for diabetes treatment may pose large financial burden on these households. This highlights the importance of identifying approaches to reduce these expenses-including treatment cost reduction strategies, and further investments in prevention to reduce the number and severity of high-cost complications. It is estimated that approximately 800 million people spend at least one-tenth of their annual household budget on health-related expenses; out of these, one in eight households is forced to live on US$1.90 or less per day as a result. 19 This study was unable to investigate affordability or the relationship between reported care costs and household income, but other studies have found important linkages between these 20 21 -which BMJ Global Health Some studies also included other medicines: antibiotics 35 ; pain relief/anti-inflammatory drugs 35 ; gliflozin class drugs 68 ; sulfonylureas 68 69 ; metformin combinations (with glibenclamide, 46 with DPP4i). 70 An additional study included medication costs per complication without breaking this out by specific medication.
45
*Indicated as (non-specific) insulin in study text. †Indicated as group of oral antidiabetic medications (non-specified per drug) in study text (excluding medicines for comorbidities such as CVD); any specifications included as footnotes here. ‡Includes lipid-lowering medicines, antiplatelet, antihypertensive drugs. All antidiabetic medications summed together (ie, the cost of insulin plus oral antidiabetic medications). §Insulin provided free of charge to surveyed health facilities in this country. ¶Insulin vials. 
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suggests the need for future research to explore issues of affordability for both patients and systems coping with chronic diseases including diabetes. Additionally, the concept of affordability should be explored in the context of health system structure, and the potential role of governments and other system financers in managing treatment costs-and governments should be encouraged to provide information on costs (to patients and to insurance plans) and procurement prices for diabetes care. Annual inpatient and medication costs were found to be the most expensive aspects of diabetes care in studies that reported on these. Of particular note is the very high cost of insulin, particularly for treating type 1 diabetes. Diabetes care also requires frequent laboratory tests, which carries substantial costs according to this analysis: the median annual value was US$25, and this ranged from below US$5 to almost US$200. Additionally, although only a few studies reported costs of clinical supplies apart from medication, the available data suggest that supplies also may contribute considerable expense.
There was also a high degree of cost variability: some studies reported annual inpatient costs below $20 while others were over $1000, and medicines ranged from below $20 per year to over $500. Outpatient costs were, at the median, $7 per visit and this also varied widely (from under $3 to almost $50). Large cost variations were reported between and within countries, possibly due to care utilisation at different levels of the health system or from different sectors. Due to the wide variation in costs and methodologies, comparisons across studies should be taken with caution.
The review included studies that used different methodologies for data collection. The results of these methods are not directly comparable: for example, insurance companies may see very different costs than someone paying out of pocket. Patient-reported data may also contain selection and recall bias. Articles using mixed methodologies for cost data collection may therefore offer the most complete picture of treatment costs, as this method would include multiple salient perspectives. This review also included articles that reported on diabetes types 1 and 2 (and some reported on both, without differentiation, while others did not specify the type of diabetes under study). Given the very different treatment protocols for diabetes types 1 and 2, future research should make this distinction more clearly.
A limitation of this analysis is the heterogeneity in data reporting among articles included here; previous reviews have similarly noted this limitation. 22 Some papers do not specify important methodological details, such as year of data collection, sample selection (including clear inclusion and exclusion criteria, which makes it challenging to ascertain the generalisability of the results) and participant recruitment. Currency information is particularly problematic, as some articles do not clearly denote which currency (including currency year) was used for their results. This highlights the need for standardised data collection and reporting, based on best practices from the health economics literature, including specifying currency units, years of data collection and years of currency; using clear terminology on type of costing methodology used; and stratifying costs by meaningful categories (eg, reporting on supplies separately from medicines and laboratory costs). There are published best practices for generating and reviewing cost-of-illness studies, which could guide such efforts to strengthen and align methodological approaches 22 23 ; and examples from other disease areas, such as HIV, may offer a useful model for the field of non-communicable disease treatment cost reporting. 24 25 Additionally, authors of cost-of-illness studies for diabetes should be encouraged to report both average and median costs (currently very few do); and to report costs for all relevant units of time, whether per visit, per month or per year. Lastly, for treatment components that may not be used by all patients every year-for example, inpatient care-authors should specify whether these costs are reported only among the subgroup of utilisers, oraveraged out across the full sampled population including non-users.
Despite these limitations, this study adds to the evidence base on diabetes treatment costs. Previous studies have included modelled estimates, 11 26 27 and this empirical information on treatment costs will help close data gaps that are essential for improving future estimates.
ConCLusIon
The body of literature on cost of treatment for people with diabetes in low/middle-income countries has been growing. Most of these publications are from UMICs in Asia and Latin America, and focus on type 2 diabetes. Although methods vary widely, the data suggest that diabetes is an expensive disease to manage. There is also a need for greater standardisation in the methods of collecting, analysing and reporting data on the cost of treating diabetes. Based on this analysis, the costs of managing this illness-which represents an increasing burden of disease in low/middle-income countries-are substantial. Improved data would be of enormous use to policymakers, clinicians, academics and civil society worldwide.
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